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ABSTRACT

Steelhead trout (Salmo gairdneri) reared in Idaho hatcheries for
release during the 1984-1988 outmigrations were adipose fin clipped to
differentiate between wild/natural and hatchery-reared fish. From
1984- 1988, 34 million hatchery-reared steelhead trout were clipped and
30.1 million were released; the difference being made up by hatchery
mortality and the percent of acceptable c l ips . Since 1987, the adipose
c l ip has given protection to a l l wild/natural steelhead and ident i f ied
them from hatchery stocks.

I t is premature to conclude whether adipose marking can be to ta l ly
e f f ec t ive in preserv ing wi ld runs into Idaho. Al though wi ld runs
appear to be increasing, the f u l l e f f e c t of this program cannot be
evaluated until the mid-1990s, when s u f f i c i e n t numbers o f year c lasses
wil l have returned to prov ide signi f icant data. In the inter im, the
program is successfully protecting wild stocks from being harvested in
Idaho's sport f ishery. This program, i f cont inued, wi l l undoubtedly
reduce harvest mortality of wild stocks and enhance their restoration.

Author:

Rodney C. Duke
Senior Fishery Research Biologist
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INTRODUCTION

In the ear ly 1980s, the improved surv ival of hatchery-reared
steelhead created stock management problems. While adequate numbers of
hatchery-reared fish led to harvestable surpluses, wild stocks remained
at low l e v e l s . Angler harvest directed at hatchery stocks led to
overharvest of wild stocks. In order to harvest surplus hatchery
stocks and protect wild stocks in the fishery, anglers needed a means
of iden t i f y ing between the two at the time the fish were caught.
I n i t i a l l y , various dorsal f i n length c r i t e r i a were used to regulate
harvest. These were not tota l ly successful because of var iabi l i t y and
enforcement d i f f i c u l t i e s . To solve the problems associated with
d i f f e r en t i a l harvest, fishery scientists decided to desequester the
adipose f in cl ip previously used to identi fy the presence of a coded
wire tag and use it as a harvest identi f ier .Al l hatchery-reared
steelhead in the Columbia River Basin were to be adipose clipped.

On November 1, 1983, the Idaho Department of Fish and Game secured
a f ive-year contract from Bonnevi l le Power Administrat ion (BPA) to
adipose cl ip al l of the hatchery-reared steelhead in Idaho to aid in
the protection of Idaho's wild stocks. This report summarizes that work.

OBJECTIVES

The objectives of the project were:

1. To remove 751 of the adipose fins from 99% of the hatchery-reared
steelhead in Idaho.

2. To review current information on the use of adipose fin clipping.

3. To determine, i f possible, the physiological role of the adipose f in .

METHODS

From 1983 to 1987, fish marking operations were conducted at three
Idaho steelhead production f a c i l i t i e s : Niagara Springs (Idaho Power),
Hagerman National, and Dworshak National fish hatcheries. In 1987, the
Magic Valley Fish Hatchery was put into production, and a l l fish were
marked for release in the spring of 1988.

Except for the f i r s t year, a l l marking was conducted in two specially
bu i l t mobile marking units. These units were constructed in 1984
s pe c i f i c a l l y for the large marking operat ions previously handled by
various departmental and federal marking t ra i l e r s . The new marking units
each contain 16 work stations and ef f i c i ent ly handle large numbers of fish
with minimal stress (Duke 1985).
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Inside the trai lers , f ish were placed in troughs containing a
solut ion of MS-222, Propolyaqua, and anti-foam. The solution was
recirculated, cooled, and aerated. MS-222 is an anesthetic , Propolyaqua
is a stress reducer, and anti-foam prolongs the e f f e c t of the anesthetic
solution. Once the f ish are anesthetized, personnel remove the adipose
f in with scissors.

Quality inspections were taken throughout the marking operation to
ensure that the cl ip was being done proper ly and that al l f ish were
cl ipped. Prior to release, a minimum 300 fish were visually examined to
determine the quality of the clip. Examined fish were divided into five
categor ies based on their f in cl ip: excel lent (100% removal ) ; too deep
(100% removal, but secondary infect ions or complicat ions possible ) ; poor
( less than 10% remaining at the leading edge); part ia l (10-251 remaining);
and not cl ipped (more than 251 remaining). Al l cl ip categories, except
"not cl ipped," are acceptable to be used in identi fying returning adult
f ishes.

Fish health was monitored throughout the rearing cycle and
mortal it ies noted. Mortality attributable to marking was calculated by
subtract ing the dai ly mortal ity before marking began from the mortal ity
level after marking unti l the mortal ity rate stabil ized at pre-marking
levels. In some cases, rearing histories from the previous year were used
to estimate the normal daily mortality rate for that particular stage of
rearing.

In 1985, in vivo experiments on healing rate were conducted at
Dworshak National Fish Hatchery. Both unclipped (control ) and cl ipped
(test ) fish were held in circular vats. Idaho Department of Fish and Game
personnel monitored the tests and documented the healing process
photographical ly. Samples of juveni le and adult adipose f ins were sent to
the U.S. Fish and Wildlife Service's Cultural Development Center where
Charlie E. Smith examined histological sections for tissue composition.

Extensive rev iews of l i terature on hooking mortal i ty rates, the use
of the adipose f in marking system in the protect ion of wild f ish, adipose
f in function and composition, and effects of fin clipping on survival were
gathered from various sources and were included in a previous annual
report (Duke 1986) . They have also been included at the end of this
report .

In 1986, fish from the f irst ad-clip marking operation returned to
Idaho. Returning one-salt adult steelhead were monitored to determine the
qual i t y and degree of regenerat ion of the adipose c l ip . In the fa l l o f
1987 and spring of 1988, a more extensive check of adult c l i p quality was
conducted in both the sport fishery and at the spawning racks. Hatchery
and wild compositions were determined as the fish passed through various
adul t moni tor ing fac i l i t i es located at se lected hydroe lect r i c pro jects .
This was the f i rst year that al l f ish in the three returning age classes
were adipose clipped under this marking program.
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RESULTS

1987-1988 Mark Operations

Cl ipping for the f inal year of this project began on September 8,
1987 at Niagara Springs Steelhead Hatchery and continued until October 1,
1987. A total of 2,300,818 hatchery steelhead were clipped. The marking
operation was then moved to Hagerman National Fish Hatchery from October 5
until October 23, 1987, where 1,986,060 steelhead were clipped. Steelhead
were clipped at the Magic Valley Steelhead Hatchery during the period
October 27 through November 20, 1987. A total of 2,116,071 steelhead were
marked at Magic Valley.

The same marking personnel were used at a l l three f a c i l i t i e s . Crews
worked two 6-hour shifts in a single mobile marking unit. A total of 554
hours (about 47 days) were required to mark the 6.4 mil l ion fish at the
three hatcheries, representing an average of 11,645 fish cl ipped per hour
at the three f a c i l i t i e s .

Due to the number of f ish marked at Hagerman, Niagara, and Magic
Valley, marking at Dworshak was delayed until December 1987.
Consequently, Dworshak's fish nearly exceeded the optimum marking size.
This, coupled with the large number of f ish at Dworshak, presented major
challenges in order to complete the operation before the January 1 cutof f
date for marking at the faci lity. In order to complete marking prior to
January 1, two adipose marking trailers were used in conjunction with the
two coded wire tagging (CWT) trai lers. Those f ish requir ing coded wire
tags were adipose cl ipped during the CWT operation to prevent double
handling of f ish. After each CWT group was completed, the remaining f ish
in a pond were adipose cl ipped. Ten days were required to adipose cl ip
2,973,776 f ish at Dworshak. Over 130 di f ferent temporar ies were hired.
Two 8-hour shifts were run in each trai ler , requir ing two supervisors for
each shift . Because of mechanical problems, not al l trai lers were
continually in operat ion. Extensive moving of the mobile units was also
necessary. The operat ion, however, was highly successful, and an average
of 297,377 fish were cl ipped (sometimes tagged and left -ventral cl ipped as
well ) per day. This translates to 24,781 fish per hour being marked.

In general, f ish at al l four faci l i t ies appeared healthy and in good
condit ion. However, v iral disease was confirmed at Niagara and Dworshak
during marking. Fish in infected raceways were marked last at both
fac i l i t i es to prevent the spread of d isease . In i t ia l marking morta l i ty at
a l l f ac i l i t i es was 0.0632 of the tota l f i sh marked. In i t ia l c l ip qual i t y
checks at the southern hatcher ies indicated less than 12 were not
c l ipped. V isual qua l i t y checks were taken at Dworshak because of t ime
l imi tat ions . Sampl ing for qual i t y checks was done pr io r to re lease .
Table 1 summar izes the resul ts o f the qual i t y checks f rom the four
fac i l i t i es, as well as the 1987 clipping operations.



Table 1. Summary of Idaho hatchery steelhead adipose fin marking operations, 1987.

Niagara
Springs

Hatchery

Hagerman
National
Hatchery

Magic
Valley

Hatchery

Dworshak
National
Hatchery Total

No. of fish marked 2,300,818 1,986,060 2,116,071 2,973,725 9,376,725
No. of days required 18 13.5 15.33 10 56.83
No. of man hours requireda 3,456 2,592 2,943 3,096 12,087
No. of fish clipped/man hourb 665.7 766.2 719.0 950.5
I n i t i a l clipping mortality 1,711 941 883 2,685 6,220
Percent mortality .074 .047 .042 .090 .063
Percent acceptable clzpsc 99.76 99.90 99.88 97.79 99.85

aMarkers only.
bAt Niagara Springs, Hagerman Natl., and Magic Valley, two 6-hour shifts were operated out of one
marking unit. At Dworshak Natl., two 8-hour shifts were operated out of two ad-marking units.
Addit ional f ish were marked in conjunction with tagging operations in two CWT t r a i l e r s .

cQuality checks are initially taken during the mark operation, except for Dworshak, which is a
final quality check at release.

-
5

-
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1983-1988 Mark Operations

During the f ive years of the project , near ly 34 mil l ion steelhead
trout were adipose cl ipped. Final hatchery releases of c l ipped f ish
totaled 30,121,306. During this period, BPA contract expenses totaled
$441,000. The tota l cost of adipose c l ipping (based on total hatchery
release) over the f i ve-year contract was $14.65/thousand. Table 2
summarizes the f i v e years of marking operations.

1985 Clip Healing Studies

Observat ions of f ish in the raceways at al l hatcher ies indicated
complete heal ing of the t issue in the area of excis ion within 3 to 4
weeks. Fish that had been cl ipped too deeply usual ly showed signs of
fungus within one week. There were also observed cases of nipping at the
excised white area. In severe cases, f ish with fungus died and accounted
for the largest percentage of the observed delayed mortal i ty . Mortal i ty
f rom this cause ended within four weeks. Observat ion from the in v ivo
test at Dworshak National Fish Hatchery indicated healing was rapid and
complete within 22 days (Pat Chapman, IDFG, personal communication). From
observat ion and photographs, there was no apparent di f ference in the
var ious f u l l and partial clips in terms of regeneration or healing.

Adipose Fin Histological Examination

Histolog ical analysis for both juveni le and adult steelhead trout
showed the adipose f ins to be composed pr imar i ly of f ibrous connect ive
t issue interspersed with few blood vessels and occasional adipose ( fat )
ce l ls . Special connective tissue stain demonstrated a high percentage of
col lagenous f ibers typical of f ibrous connect ive t issue. There was no
ev idence of g landular or secretory epithel ia l ce l ls which could be
associated with hormonal product ion . There were no differences in the
composit ion of f ins from juveni le and adult steelhead trout (Char l ie
Smith, personal communication).

Returning Adult Clip Quality

Adult steelhead returning to various hatchery spawning racks during
1986 and 1987 were examined for adipose f in cl ips. Only those f ish of
obv ious hatchery or ig in ( i .e . , i r regular f in rays) were included in the
samples. At Dworshak in 1986, 33 out of 701 one -sa l t f i sh examined had
adipose f i n s , or 4.72. In 1987, 13 out of the 293 examined (4.4%) of the
one-sa l t f i s h had adipose f i n s . An examination of 4,869 two-sal t f i sh in
1987 showed 196 with adipose, f ins for a 4.02 adipose f in retent ion. In
1988, 3,784 adu l t s t e e lhead were examined, and 152, or 4.0%, were
nonadipose clipped. An age class breakdown was not available for the 1988
returning fish.



Table 2. Five-year adipose marking summary for Idaho hatcheries, 1983-1985.

1 9 8 4 1985 1 9 8 6 1 9 8 7 1 9 8 8

H a g e rm a n Na t i on a l
N o . f i sh c l i p p ed N A b 1 ,421 ,6

94
1 ,8 3 6 ,0 5 8 1 ,7 7 7 ,9 9 7 1,986,060

x a cc ep ta b l e c l i p s 9 9 .3 0 9 9 .7 0 9 9 .3 5 9 9 .9 0
Total hatchery mor t a l i t y __c 183,137 256,372 274,123

Total hatchery release 1,162,475 1,526,932 1,652,921 1,521,625 1,711,937

Niagara Springs
No. fish clipped NA 2,502,125 2,291,784 1,928,982 2,300,818
X acceptable clips 99.70 99.70 99.30 99.76

Total hatchery mortality 483,592 611,931 77,082 511,792
Total hatchery release 1,822,805 2,018,533 1,679,853 1,851,900 1,789,026

Dworshak National
No. f i sh c l ipped NA 2,436,7

23
3,261,429 1,955,144 2,973,725

X acceptable c l i p s 99.30 99.33 99.36 97.79
Tota l hatchery m or ta l i t y 835,028 312,952 - - ~ 271,498
Tota l hatchery re l ease 1,961,392 1,601,6

95
2,948,477 2,105,748 2,702,227

Magic Val ley
No. fish clipped -- -- -- -- 2,116,071
X acceptable clips - - - - - - - - - _ _ -(NEW FACILITY) -------------------------------- 99.88
Tota l hatchery mor ta l i t y 52,311
Tota l hatchery re l ease 2,063,760

Year t o t a l (hatchery r e l e as e ) 4,946,672 5,147,160 6,281,251 5,479,273 8,266,950
Grand t o t a l (hatchery r e l ea s e ) 30,121,306

aTotal hatchery mortality includes a l l mortality monitored from time of marking to release. A l l
post-marking mortality may not be directly related to t h e m a rk op e ra t i on .
bMark data and mortality not available because of multiagency involvement and program was not in
place at time of marking. All steelhead in Idaho were clipped prior to release.
cDifference due to disagreement in either count and/or hatchery inventory. A l l fish on-station
were clipped.

.

-
5

-
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uality check samples were taken at the Pahsimeroi, East Fork, Sawtooth,
and Oxbow return racks in 1988. These fish were released from Hagerman
Nat ional and Niagara Spr ings hatcher ies. At the Pahsimero i faci l i ty , 1,094
f i sh were checked , and 8 had unacceptab l e c l i ps , f or a 0 .73% adipose
f in retent ion. At Sawtooth, 837 adult s teelhead were examined, and 5 bad
clips (62) were found. At the East Fork trap, 190 fish were examined, and
none were found with adipose fins. Adult steelhead were examined at Oxbow
Hatchery, and 43 out of 2,524 (1.7%) were found to be uncl ipped
hatchery-reared steelhead. F i f t y - s i x f i sh (4.32) were i den t i f i ed as
wi ld/natural at Oxbow. The relat ive ly higher numbers of uncl ipped f ish
may have resulted because of stray ing from Oregon hatcher ies, where not
al l returning hatchery fish had been clipped (Rich Carmichael, personal
communication). Analysis of mark data to determine the actual percentage
of adipose f in retent ion on Idaho stocks wi l l not be ava i lable unt i l late
1988. In 1986, 0.32 of the returning adul t f i sh at the Pahs imero i s t i l l
had intac t ad ipose f ins . Data i s not ava i l ab l e f o r the other s i t es in
1986 or any site in 1987.

Hatchery Versus Wild Adult Returns

A complete analysis of the present and future status of wi ld and
hatchery steelhead trout in Idaho is beyond the scope of this project .
Personnel f rom var ious state and federal agencies are involved with
monitor ing both run segments as they enter the Columbia River and migrate
into Idaho and through the numerous f isheries. The percent composition of
hatchery and wi ld f ish at Lower Granite Dam, based upon dorsal f in
erosion, was determined in 1984. That f ish run had no cl ipped f ish from
this project but was 242 wild. The next year, 1985, scale analysis showed
23% of the f ish were wi ld. In 1986 , scale analysis showed the wi ld run
segment at 20.4% of the total run.

DISCUSSION

Mark Quality

The experiences during the past five years demonstrate that an entire
state 's steelhead product ion can be marked in an ef f ic ient manner .
Qual i ty checks on adults returning from fish released from southern Idaho
faci l i t ies consistent ly indicate about 1% of the returning adults have
adipose f ins that were missed in the f in cl ip operat ion. However , at
Dworshak, the percent of missed adipose clips is higher (near 4%).

The total number of f ish uncl ipped at Dworshak is part ly due to
crowding problems during mark operations which are associated with design
problems with the Burroughs ponds. I t is di f f icul t , i f not impossible , t o
remove every f ish from the ponds because of the rounded corners and f i l l
p ipes l oca t ed a t the oute r corners . Ext ra care i s taken , but sma l l e r
f i sh , in particular, can elude the crowd rack by going among the pipes.
A d d i t i on a l c om p l i c a t i n g f a c t o r s in c l u d e : 1 ) F i sh a r e o f t en l a r g e r t h an
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those a t o ther f ac i l i t i e s at the t ime o f mark ing . The la rger s i z e makes i t
d i f f i cu l t f o r t h e mar ker s t o hand l e the f i sh , and a f ew can s l i p f r om
t he marker's hands and escape into the return pipe inside of the t r a i l e r
w i t hout be ing c l i pped . 2 ) Ther e i s usua l l y a w ide s i z e va r i a t i on in the
f i sh . In some years , the percentage of "p in heads" is h igh in compar i s on
to the southern fac i l i t ies because "drop out" usual ly has not occurred.
The adipose f in is easi ly missed on these f ish ( less than 60 mm in total
length) when marked with fish exceeding 150 mm. 3) Crowd screens must be
of a large enough mesh to prevent clogging during marking operations.
However, this size also al lows some pin heads to escape and go uncl ipped.
4) Fish escape to the r iver in normal hatchery operat ions pr ior to
marking. This problem occurs at al l faci l i t ies to a minor degree dur ing
the course of normal hatchery operations. Fish escaping at the southern
f a c i l i t i e s are prevented from migrating to the ocean because of several
migrat ional barr iers. Only those f ish escaping at Dworshak have the
potent ia l of migrating and entering the fishery.

The number of unmarked f ish due to any of the above factors is
var iable. Those factors associated with "pin heading" are quite minor
since there are indicat ions these f ish do not surv ive to migrat ion.
However , the combinat ion of operat ional errors inside the marking units
and at the hatchery due to either handl ing or design can result in missed
f ish . I t may be di f f i cul t to ever obta in bet ter than a 96% adipose-
cl ipped populat ion at Dworshak. Although the percentage of missed cl ips
at Dworshak is almost four t imes higher than other faci l i t ies, i t does not
present ser ious problems to the management and protect ion of the wi ld
runs into the Clearwater River. The total number of harvestable hatchery f ish
is re la t i v e ly low.

Effect of the Program on Wild Runs

I t is premature to conclude the degree of ef fect iveness of the
adipose marking program in preserving wild runs into Idaho. The wild runs
seem to be increasing as determined by the percent composit ion of the
runs, especial ly for the 1987-1988 f ish run. However , the increase in the
wild/natural populat ion is probably a function of several programs giv ing
results . The l imited protect ion given wi ld adults by the dorsal f in
regulat ion , adul t outplant ings , and f ry plant ings are a l l contr ibut ing to
a wi ld/natural comeback. Certainly the adipose marking program is
protect ing wi ld stocks in Idaho by el iminat ing excessive harvest ,
especial ly in the ear ly part of the season when wi ld f ish are most
vulnerable in areas of high f ishing pressure. McArthur (1988) , in a
telephone survey he conducted statewide, estimated that during the 1987
steelhead season, there were 13,152 wi ld f ish released as a direct result
of the adipose f in regulat ion. Though some f ish could have been caught
and released more than once, the impact of the adipose f in regulat ion
initiated by this project wil l undoubtedly have a major positive impact on
Idaho 's wi ld stee lhead runs in the future . But because of the l i f e
h i s t ory of the f i sh , i t w i l l be 1995 be for e the fu l l impac t o f th i s
prog ram can be evaluated.
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Clip Healing

Heal ing of the area of excis ion is dependent on several factors,
including f ish health, water qual i ty and temperature, and size at
c l ipping. Larger f ish tend to expose more t issue (white area) and usual ly
suf fer higher losses due to nipping, which turns into "sore back. " Less
"sore back" is observed when f ish are cl ipped at smal ler s izes. Cl ips
which are too deep expose even more tissue area and result in severe cases
of nipping and "sore back. " Secondary infect ions, such as fungus, also
r esu l t f r om too deep a c l ip . In these cases , the f i sh usua l l y never
hea l s , and death occurs within one month.

Water temperature is cr i t ical and can be benef ic ia l or detr imental .
As a rule, f ish tend to heal faster in warmer water (100F), but fungus and
secondary infect ions usual ly increase. Conversely , f ish in cold water (1
to 5°C) heal more slowly but show less signs of fungus and secondary
infect ions. Fish marked in cold water temperatures appear to take the
stress of the handl ing operat ion better , and fewer mortal i t ies result .

In general , f ish hea l remarkably fast , and from observed and in v ivo
observat ions, heal ing t ime is not a cr i t ical factor in the marking
operat ion. Post-marking prophylactic treatments with quarternary ammonia
compounds usually control any complication resulting from the excision of
the adipose f in.

Adipose Fin Composition and Purpose

The sa lmonid adipose f in is re lat ive ly smal l , f l eshy, and immobi le .
I t does not conta in any ske le ta l e lements , i s sca le less , and covered only
by the dermis and epidermis . I t i s f i l led wi th an amorphous matr ix o f
loose connective tissue (Harder 1975).

His tor ica l ly , the adipose f in was thought to be a vest iga l f in
wi thout purpose and comprised mostly of fatty tissue and thus the name
adipose . Weise l (1968) found no fat in sockeye sa lmon (Oncorhynchus
nerka) and only 3 to 4 drops sect ion in the cutthroat trout (Salmo clarki )
and brown trout (Salmo trut ta ) . In recent years, there have been several
hypotheses that the f in may serve other functions, ranging from hormona l
regulat ion to pH balance. No l i terature to substant iate any of these
hypotheses could be found. The histological examination found no ev idence
of g landular or secretory epithel ia l ce l ls which normal ly are associated
with endocr inal or hormonal funct ions. Stuart (1958) does make ment ion
that the size and shape of the adipose f in is a secondary sex
character ist ic in spawning salmonids, with the female fin long, thin, and
narrow at the base in comparison to a short, thick, wide-based male f in .

Aleyev (1977) suggested the adipose f in in salmonids funct ioned
basical ly the same as f in lets in the Scombriodae (mackera l , tuna, etc. ) ,
i .e . , i t functions to transversely streamline the caudal peduncle for faster
swimming.
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Fin Regeneration

The pract ice o f f in c l ipping f i sh for the purpose of ident i f i cat ion
has been used for many years. There are many advantages and disadvantages
of th is type of ident i f i cat ion procedure . A quest ion in a l l s tudies
ut i l i z ing f i n clipping is whether the fin w i l l par t i a l l y or completely
regenerate , thus render ing the mark di f f i cul t to recogn ize at a later
date. Several studies have been conducted to evaluate the regenerat ion of
the various types of fins.

Mears (1976), studying brook trout (Salvelinus , f on t i na l i s ) , found
regeneration had occurred in 9Z of all fins observed. The frequency of
regenerat ion was highest (41%) for the anal f in and lowest (9%) for the
adipose. Regenerat ion of the pectoral f ins was 1.5 to 2.0 t imes more
frequent than that of pelv ic f ins. Few f ins regenerated to more than 50%
of their original s ize.

Johnson and Shelton (1958) found l i t t le regenerat ion of e i ther
adipose or pectoral f ins on fal l chinook at the Spr ing Creek Hatchery,
w i th 99.2% of a l l f i sh wi th a doub le f in mark eas i ly ident i f i ed as
double-marked fish four months after marking.

Stauffer and Hansen (1969) ut i l ized l e f t maxillary, right maxillary,
adipose, r ight pectoral , and r ight pelv ic c l ips to mark rainbow trout .
Af ter two years in the hatchery, 95% or more of the pelv ic , pectoral, and
maxi l lary cl ips were recognizable (one-hal f or less of the f in
regenerated) . There was no regeneration of the adipose f in .

Shetter (1951) marked four groups of lake trout (Salvel inus
namaycush) with var ious f in cl ips. The adipose c l ip had 5.2%
regenerat ion, the dorsal 6.4%, r ight pectoral 3.5%, le f t pectoral 10.2%,
and right ventral 35.9% (one-half or more of the fin remaining). However,
there appears to be some ambiguity in his reference to the quality of the
clipping operation, especially for the right ventral c l i p .

Hale (1954) found pelvic fin regeneration to be "complete" (both fins
similar and normal in size and spread) in 31.5% of the brook trout he held
for 14 months 10 days. Most of the remaining f ish showed "part ia l " (one
f in c lub- l i k e in appearance and the other c lub- l i k e or completely
regenerated) or "considerable" (one or both fins somewhat smaller and
spreading l i k e a normal f i n ) f i n regeneration (13.7% and 47.5%,
respect ive ly ) . He attr ibuted this high regenerat ion to inexper ience and
lack of sk i l l of those clipping small fish (3.0 inches total length).

Other authors have also reported varying results . However , the
various studies indicate that the adipose has the least regenerat ion, with
the pe lv ics next , f o l lowed by the pectora ls and anal , in respect ive order .
In each study reviewed, a hypothesis was made that a f in with 50%
remaining was regenerated. Few studies acknowledged that the regenerat ion
could be aggravated by poor cl ipping technique. For many studies, the
percentage of regeneration may be nothing more than an indication of
in i t i a l c l i p qua l i t y . Exper i ence and resu l t s o f mark ing juven i l e sa lmon
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and steelhead for the IDFG coded-wire tagging program has shown that
adipose fins properly and tota l l y excised w i l l not regenerate.

Examination of adult steelhead and salmon marked with an adipose clip
and coded-wire tag as a juvenile indicates there is no regeneration in a
complete cl ip and only sl ight regenerat ion of a part ia l ly c l ipped f in as
the incis ion heals. However , these are usual ly recognizable as a cl ip and
only when approximately 25% or less of the fin is removed does the mark
become quest ionable . Fish marked with a coded-wire tag and lef t ventral
c l ip indicate no regenerat ion of the cl ip i f the f in is cl ipped below the
basal bone. However , leav ing only a few f in rays can result in an ent ire,
but usual ly deformed, f in. Again, the amount of regenerat ion is direct ly
re la ted to the qua l i t y o f the c l ip . In the case of the ventra l c l ip , a
poor ly appl ied cl ip usual ly results in the loss of informat ion since i t is
di f f icul t to differentiate a regenerated fin on a hatchery fish from the
deformation the fin may have received during rearing.

Stuart (1957) detai ls pictor ia l ly the regenerat ion of part ia l ly
c l ipped f ins. The observations made in the coded-wire tagging program are
basically in agreement with his study.

Marked Fish Survival

Exper imentat ion ut i l i z ing marked f ish assumes no di f ferent ia l in
surv ival of marked fish and their unmarked counterparts they represent.
However , there are studies report ing di f ferent ia l surv ival of the var ious
cl ips. A di f ferent ia l in surv ival may be a result of inter ference with
swimming ability, endurance, behavior, or growth. Other factors, such as
handl ing dur ing marking, physiolog ical condit ion of the f ish at marking,
s ize at marking, and others, may also play an important role.

Bonham (1968) concluded that a maxillary mark on chinook salmon
(Oncorhynchus tshawytscha) retarded growth and probably induced mortality
and was less desi rable than a ventral c l ip. Wales (1947) found the
surv ival of pelv ic-c l ipped f inger l ing brook, brawn, and rainbow trout to
be better than simi lar lots of pectora l f in-c l ipped f ish. Shetter (1951)
tested the surv iva l o f lake t rout rece iv ing a s ing le pectora l , s ing le
pelv ic , or dorsal plus adipose f in cl ip. Af ter correct ion for f in
regenerat ion, he concluded there was no significant difference between the
survival rates of the marked and unmarked fish. Armstrong (1949) found no
di f ference in the surv ival rates of unmarked and adipose-cl ipped lake
trout f inger l ings af ter ten months. Exper iments conducted by Nelson
(1960) indicated that the removal of the pelv ic , adipose, or dorsal f ins
did not signi f icant ly af fect the surv ival of f inger l ing brook or rainbow
trout under hatchery conditions. Other authors, such as Ricker (1949) and
Foerster (1936), found that marked fish survived significantly less than
unmarked fish during their studies. In another experiment, Shetter (1952)
found that f in -c l ipped f inger l ing lake t rout (ut i l i z ing the same cl ips as
in his prev ious work) did not suf fer any greater losses from predat ion
than did unmarked f ish . Horack (1969) using a stamina tunnel tested the
swimming abi l i ty of 3.3- to 4.0- inch rainbow trout . He found that
sw imming ab i l i t y was not s ign i f i can t l y a f f ec t ed by remov ing e i ther the



-13-

dorsal , both pelv ic , both pectoral , anal , or adipose f ins. He concluded
that the removal of both ventral or pectoral fins may reduce stamina and
should be used with caut ion. A caudal c l ip severely reduced stamina and
could af fect the outcome of studies. Nicola and Cordone (1973) studied
the long-term survival of fin-clipped and unmarked rainbow trout in Castle
Lake, Cal i fornia. They found that any f in cl ip was detr imental . The
adipose f in cl ip reduced surv ival by as much as 50%. The removal of a
ventral f in reduced survival by as much as 60% to 70%. The removal of a
pectoral or dorsal f in reduced surv ival 70% to 80%. The removal of an
anal f in was not any worse than the removal of the pectoral or dorsal, but
removal had an inconsistent ef fect . They concluded that the anal f in cl ip
should be avoided unless fu l l excision could be guaranteed.

In the preliminary analysis of the Oregon Coastal Zone Management
Association (OCZMA) proposal to mark hatchery-reared coho in the Oregon
Product ion Index (OPI ) area in 1984, a special task team evaluated the
ef fects of marking . They concluded that in al l exper imental cases
rev iewed, extra handl ing and stress of f in cl ipping caused reduced
surv ival . I t also appeared that the survival e f f ec t went beyond immediate
mortal i ty due to stress in the hatchery. Al though they could not ident i fy
the specific cause, evidence suggested that the removal of the adipose fin
causes reduced ocean surv ival compared to uncl ipped f ish . Loss of other
f ins or maxi l lary bones caused even greater losses. From the best
avai lable data, they concluded that adipose f in cl ipping would cause the
loss of 52 to 202 of the hatchery coho production compared to unclipped
releases. However , the data they present (Table 6, page 23 of the
proposal } , with the exception of one group, shows the adipose c l i p in
conjunction with another mark. In almost a l l cases presented, the groups
receiv ing a second mark in addit ion to the adipose cl ip survived less than
the one group receiving only an adipose c l i p . The sources they used to
est imate the 5% to 20% mortal i ty for an adipose cl ip are not ci ted.
Ev idence from Idaho's f ish marking, coded-wire tagging, and freeze
branding operat ions indicates that mortal i ty increases with each
addit ional mark applied to the same fish.

Though there are many studies documenting marked fish survival and
the di f ferent ia l surv ival between marked and unmarked f ish, i t appears
from the l i terature available that the removal of the adipose f i n affects
surv ival of the f ish the least , fo l lowed by the pelv ics, pectorals , and
dorsal . The caudal , anal , and maxi l lary are the least des irable to use,
and studies indicate they may significantly a f f ect survival.

CONCLUSIONS

During the f i rst f ive years of the marking program, personnel have
b e e n s u c c e s s f u l i n a c h i e v i n g t h e m a r k i n g o f e s s e n t i a l l y a l l
h a t c h e r y - reared steelhead in Idaho. During this t ime, 30,121,306
adipose-cl ipped steelhead trout have been released. Marking mortal i ty
during this time has been minimal, although total hatchery mortality pr ior
to release in some situat ions is high, mainly because of v iral diseases.
Al though wi ld runs appear to be increas ing , the ful l e f f ec t o f th is
program cannot be evaluated unt i l the mid-1990s. However , in the
inter im,
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the program is protecting wild stocks from being harvested in Idaho and
al lowing for successful harvest of hatchery stocks in a mixed-stock
f ishery.

The adipose f in mark is economical ly applied to large numbers of f ish
with minimal stress and mortal i ty , af fords a permanent and readi ly
ident i f iable mark wi th good angler recognit ion, and prov ides for an easi ly
enforced regulat ion . I f a l l agencies and tr ibes in the Columbia Basin
would part ic ipate ful ly by marking al l hatchery-reared steelhead,
wi ld/natural stocks could be protected in sport f isher ies and more
accurately accounted for in gi l l net f isher ies. Adipose marking of
hatchery steelhead w i l l be continued in Idaho's fish hatcheries.
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